INTRODUCTION
The LIGA process uses deep X-ray lithography and electroforming to create high aspect ratio microstructures. This technology is well established at Sandia National Laboratories (SNL) [1, 2] . Dimensional metrology for these microparts is crucial for process control and to assure dimensional control. However, the metrology of LIGA parts remains a challenging task, with much room for development [3] . This study is intended to address the uncertainty issues that high aspect ratio mesoscale structures with microscale features present in noncontact dimensional metrology using a programmable optical microscope. Inspection quality of this type is dependent on what the camera senses, as well as what the edge detection algorithms are able to decipher. As the manufacturer specifies submicron resolution and accuracy [4] , this precision may be difficult to achieve due to the high aspect ratio specimens at hand. Calibration standards for this type of machine are composed of thin chrome on glass, having virtually no thickness (~0.1µm anti-reflective chromium) and no topology in comparison to LIGA structures. Objects of this type are used to properly assess the attainable precision of the optics as well as the stage accuracy of this tool. One the other hand, structures made of materials native to the LIGA lithography process, such as negative photoresists, positive photoresists, and electrodeposited metals, require distinctive microscope settings for proper inspection.
Instructions for setting lighting conditions typically have guided the user to use low levels of light. Using light sparingly avoids flooding the sensor so that image saturation or blooming does not occur. A study on how edge detection is effected by a change in lighting type and intensity is performed on chrome and high aspect ratio specimens.
According to research performed at Lawrence Livermore National Labs regarding the strengths and weaknesses of metrology tools, the optical microscope suits the inspection scale desired for LIGA metrology [5] . The microscope used in this study is a VIEW Engineering Voyager V6x12 [5] . The hardware and the software of this tool are commercially available, and are used as supplied by the vendor. Reiterating, the purpose of this study is to find out how to most accurately measure high aspect ratio structures using a programmable optical microscope.
EXPERIMENTAL SETUP
In LIGA microfabrication, we typically measure the linewidth of a channel or line. Therefore, a NIST and NPL certified chrome linewidth standard (+/-0.266µm) was chosen to be the first specimen to undergo testing.
The test consists of selecting a range of lighting intensities for each lighting type offered by the microscope. The ranges are chosen so that an image is produced that has enough contrast for the edge detection algorithm to execute. Measurements were taken so that both boundaries of the channel were within the field of view of the camera during inspection so that stage uncertainty was removed. Ten measurements were taken at pitches, distances marked by alternating chrome-to-glass transitions, of 50µm, 100µm, 150µm, and 200µm for lighting intensities from 19 percent to maximum intensity, in 5 percent increments. Since coaxial (top) lighting was unable to produce acceptable contrast, only back lighting and red LED ring lighting from the overhead were used on the chrome standard. Figure 1 shows the results of these measurements for the 50µm pitch.
Deviations of Voyager from 50um Linewidth Standard (MRS3) with respect to Lighting
Intensities and Type at 20x Magnification As shown in Figure 1 , the thicker lines represent the mean values of the ten measurements taken at the specified lighting intensity. The standard deviations (thin lines) show that as the lighting intensity reaches about 50 percent of maximum, the measurements become more consistent. As in all inspection processes, reproducibility is the coveted goal. Figure 1 also shows that noise is reduced for light intensities greater than 50 percent. The results of averaging values are shown in Table 1 . The results show little difference in the measurements with respect to the lighting type choice. To most closely emulate a LIGA processed metal structure, the first case study consists of a 150µm NIST traceable stainless steel gauge block (certified to +/-0.04µm). This specimen has been encased in clear epoxy polymer and then planarized by lapping and polishing procedures (as used in our baseline LIGA process). Embedded in the epoxy, it is subjected to inspection under a range of suitable lighting intensities and lighting types offered by the microscope. Figure 2 shows a screen shot of the gage block using each type of light. A much larger difference in measurement is seen between the back lighting and the red LED lighting. This variation may be attributed to the high aspect ratio of the structure as well as the edge topology created by the material removed in the lapping and polishing processes. Standard deviations exhibit the same trends across lower lighting levels.
The deviations seen in Figure 3 are beyond the specified precision (+/-0.04µm) of the certified gage block. This deviation is probably due to changes in the gauge block caused by the lapping and polishing. After being released from the epoxy, the same lighting procedure was performed, and SEM measurements calibrated to the linewidth standard were used to verify the gauge block measurements with greater precision. SEM results are compared to the microscope measurements to ensure that the most accurate lighting environment may be used in future inspections of embedded and released metallic parts.
CASE STUDIES (continued)
The gage block aids in understanding the "released part" step in LIGA. However, in order to aid process improvement with metrology, not only the final step in production must be covered. For example, X-ray mask and polymer mold, occurring earlier in the process line, must also be inspected. Some of the high aspect ratio structured materials are SU-8 and PMMA, negative and positive photoresists. Both materials are transparent polymers bonded to radiant metal films on a polished substrate. This combination of materials, together with a finite radius of the edge results in a dark line on the order of 2µm thickness. 
CONCLUSIONS
By implementing this LIGA inspection strategy, a superior understanding of the precision of the microscope as well as the nuances of inspecting high aspect ratio microstructures is attained. This gives greater confidence in the accuracy of inspection results generated by the programmable optical microscope. This benefits LIGA technology by enabling rapid and precise inspections across all process steps, generating both direct measurements and coordinate point clouds so that further post-processing may be completed and inspection history (raw coordinate data from edge detection) may be electronically archived.
